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I. INTRODUCTION AND SUMMARY 

The digital computer programs used by the systems analysis section have 

undergone continual changes to advance and upgrade their capabilities. This 

report briefly summarizes the principal Improvements made in the various 

programs to Indicate their current status. 

In the performance analysis area, the major portion of the effort has 

been spent completing the conversion of the Nuclear Engine Transient Analysis 

Program (Job No. 31201) to FORTRAN IV and adding various desirable new options 

to this program. In addition, two new programs were developed. The first is 

a steady-state engine performance program, useful for preliminary studies of 

new engine configurations. A topping cycle configuration can be modeled on 

this program as well as the hot-bleed cycle. The second program is a nuclear 

afterheat-removal analysis program. Calculations are made of performance of 

an engine system In space during periods of normal operation followed by cool-

down and pulse cooling. The program can follow a typical system over multiple 

firings and cooldowns during long simulated missions. 

In the data analysis area, the narrow-band data analysis program was 

made operational and used successfully to reduce data from a variety of facility 

tests at the Nevada test site. Numerous improvements were made to the various 

programs and routines that comprise the wide-band data analysis system. 

Details of each of these programs are presented in the technical 

discussion. 
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II, TECHNICAL DISCUSSION 

A. NUCLEAR ENGINE TRANSIENT ANALYSIS PROGRAM (NETAP) 

1. Program Background 

The basic aim in the development of this program was to pro

vide a mathematical model of the various NERVA engine systems that could be 

used to study the performance and operating characteristics of these systems, 

thereby providing valuable design information. 

The current program is the result of several years of develop

ment effort. The earlier versions of the program were written in IBM 7094 

machine language. As the program developed, options were added and program 

complexity Increased until the size limitations of the IBM 7094 computer were 

reached. As additional operating capability was needed, several special-

purpose versions of the program were made, each oriented toward a specific 

engine-system configuration. 

When the IBM 360-65 computer was acquired, a decision was made to 

rewrite the program in FORTRAN IV specifically for this new computer. All of 

the special routines in the different versions of the program were to be 

Included, as well as several new options that were considered desirable. The 

program was to be general enough so that almost any nuclear engine system 

could be analyzed by setting up the proper input. 

The program in its present form provides the desired versatility. Any 

of the nuclear engine systems now under study (X-engine, NERVA, NRX) can be 

modeled by proper choice of input. In addition, the arrangement of the 

program into many short subroutines provides for easy modifications and makes 

it possible to completely replace portions of the program with an alternative 

calculation procedure easily and quickly. 
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2. Program Description 

Aerojet-General's digital simulation program for the NERVA 

engine system is a finite-difference, explicit-solution, digital-computer 

program that calculates solid temperature, liquid temperature, and pressure 

distribution as functions of distance and time throughout the engine system. 

The program is coded in FORTRAN IV for use with the IBM 360-65 computer. 

The basic unit modeled in the program is called a "part." 

Each part consists of a single flow path through a solid material in which 

heat is generated. A part Is divided up into an arbitrary number of length 

Increments called nodes, in which finite-difference calculations of heat 

transfer and pressure drop are made. All nodes in a particular part are of 

equal length. Only one set of material thermal properties can be input for 

each part, and that set applies to all nodes in the part. The properties can 

be made a function of temperature, however. The calculation procedure used in 

each part is as follows: 

The initial temperature for each node in the part is known. 

The working fluid undergoes a pressure drop due to an inlet loss coefficient 

before entering the first node. A heat-transfer coefficient and friction 

factor are calculated on the basis of conditions at the inlet to the first 

node. These values are then used to calculate the pressure and temperature 

change through that node. The resulting conditions become inlet conditions 

for the next node. When computations are complete for all nodes in a part, 

the fluid receives an additional pressure drop due to an exit loss coefficient. 

The equations used exclude any fluid-acceleration terms in the pressure-drop 

equations but Include mass-storage effects due to variations of pressure and 

temperature with time. When the fluid calculations are complete, the film 

coefficient and fluid temperature calculated above, together with the internal 

heat-generation rate and material thermal properties, are used in a finite-

difference equation to calculate the material temperature change over some 
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time interval, AT. This AT is chosen by considering the stability of the 

finite-difference temperature equations. Now, since a new initial temperature 

distribution is known, the entire calculation procedure can be repeated for 

the next time interval. 

The reactor is now modeled by considering various portions of 

it as parts for purposes of input. For example, the core, reflector, and 

shield could each be represented by one part. If more detail is required in 

some area, that portion can be modeled as several parts arranged in series. 

A part can also represent some special flow path in the engine, such as the 

bolt coolant passage. The flow channels in the various components are of 

different sizes and shapes and require incorporation of a void fraction in the 

heat-transfer analysis. The void fraction, when used properly, satisfactorily 

simulates the heat transfer of a multiple-channel heat exchanger with a one-

channel representation. The parallel-passage closure logic allows a system 

to be constructed that contains a variety of branches and multiple flow paths 

while retaining the basic simplicity of the single-channel part representation. 

Separate analyses of the turbopump, hot-bleed port, reflector, 

shield, core, nozzle, and various tanks and lines are combined to represent 

the transient performance of the complete engine. 

The turbopump-assembly model consists primarily of an energy 

balance, Including an energy-storage term to account for the angular energy of 

the rotating machinery. The representation has been expanded to handle either 

a single- or two-spool turbopump. 

A model was developed that treats the nozzle as a single-pass 

counter-current heat exchanger and includes the heat storage in the nozzle 

material. The tubes are divided into finite distance increments for the 

pressure-drop and heat-transfer calculations. A similar model is used for the 

representation of a cryogenic skirt. 
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The hot-bleed-port subroutine is also a countercurrent finite-

difference routine that balances the turbine flow rate from both the diluent 

and hot inlet pressures. Entrance loss, exit loss, vena contracta, and angle 

of diluent injection are considered. The diluent extraction point can be 

varied within the engine. The representation of the hot bleed is moderately 

rigorous and agrees well with component tests run on hot-bleed ports. A 

simplified hot-bleed-port model is also Included that speeds up computation 

considerably and provides a simulation accurate enough for most of the runs 

made with the program. 

A linear predictor routine is used to project the program to 

the succeeding time point. The predictor is accurate enough to eliminate a 

closure on the pump discharge pressure, which greatly reduces the overall 

program running time. 

3. Recent Developments 

a. Parallel Flow Logic 

After a particular engine system has been described in 

terms of the part input, additional data are used to describe the flow path 

through these parts. First, a main flow path is described. The parts are 

arranged in series and constitute a single flow path through the entire system. 

The remainder of the parts can then branch off from between any two of the 

main-flow-path parts and return to points between any other two main parts. 

The nozzle tubes and skirt are added to the flow path in the same manner as 

for the parts and can be put anywhere in the system. Finally, specifications 

contain such data as the tap-off point for the hot-bleed port and line and 

tankage information. In all cases, the fluid enters the nozzle after it leaves 

the last part in the flow system described above. 
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Any of the parts can be used in the system more than 

once, or a part can be eliminated from the system just by not specifying it 

in the flow-path description. 

A first guess of the flow split for each branch is input 

to the program. Conditions through the system are calculated up to the point 

where the bypass stream is recombined with the main flow stream. The pressures 

of the two streams are then compared and the flow split is adjusted until these 

pressures are equal. 

When multiple branching is used, the program iterates on 

one flow split at a time so that the bypass streams recomblne with the main 

stream until all the flow loops are balanced. 

b. Pressure-Enthalpy Flow Calculation 

The amount of heat picked up by the fluid flowing through 

a particular node is used, together with an average value of specific heat to 

determine the temperature rise of the fluid. This is a rapid, accurate calcu

lation method but it cannot be used when the fluid is in the two-phase region. 

If enthalpy change rather than temperature change is used, the two-phase region 

is no longer a problem. However, an extra Iteration is necessary to find the 

fluid temperature to couple the fluid calculation to the material heat-transfer 

calculations. To maintain accuracy, a combination of the two methods is now 

used. 

Under a single-phase condition, temperature rise is 

calculated. But if the flow in a node becomes two-phase somewhere in the node, 

a switch is made to the enthalpy relationship. The assumption is made that 

the temperature of the fluid will be the saturation temperature at the inlet 

conditions. This eliminates any iterating on exit conditions. After the 

fluid leaves the two-phase region, the program shifts back to the temperature 

calculations. 
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c. Two-Phase Heat-Transfer Relationships 

The heat-transfer coefficients used throughout the 

program are calculated from a general form of a standard correlation used for 

turbulent flow through a tube. The correction factors, exponents, etc., used 

in this equation, are specified by input and may be different for each of the 

various parts of the system being modeled by the program. Recently, a correla

tion for two-phase flow was added to the computational subroutine. The 

equations were taken from NBS Technical Note No. 317, Boiling Heat Transfer 

for Oxygen, Nitrogen, Hydrogen and Helium. Whenever the fluid quality is 

between 0.1 and 0.9, the program can be set to automatically switch to this 

relationship. 

d. Bolt Coolant 

It is possible to model the bolt coolant passages by 

considering them to be a part and using the parallel passage logic. However, 

this Increases the running time of the program considerably. To avoid this, 

an alternate routine was developed. With this routine, either a fixed 

percentage or a fixed amount of flow is removed at the nozzle tube inlet. The 

flow is returned to the reflector inlet and an enthalpy balance is made to 

determine the properties of the mixed stream. 

e. Multi-Choking 

During certain types of engine operation (startup, 

chllldown, etc.), it is possible for sonic flow velocities to exist at several 

points in the engine system. When this happens, the flow rates no longer 

depend on conditions downstream of the choke point and the pressure drop 

relationships used in the program must be modified. To enable calculation 

during these periods, allowance is made for the possibility of choking at 

three places in a single pass (no parallel passages) engine system. These are 
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the nozzle tubes, the core inlet orifice, and the main nozzle. First, a check 

is made to determine if the nozzle tubes are choked. If so, the choked flow 

is found and used throughout the rest of the system. Second, the core inlet 

orifice pressure drop is calculated from an empirically obtained equation for 

a choked orifice. Finally, pressure downstream of the nozzle tube choke point 

is varied until the flow rate previously established is equal to the choked 

flow through the main nozzle. 

f. Regeneratlvely Cooled Skirt 

The cooled skirt is modeled as a simple heat exchanger. 

However, because of the small mass of the skirt material, no transient heat-

storage effects have been Included in the calculations. The hot-side flow 

passage is in series with the main nozzle. The flow conditions at the nozzle 

exit are assumed to be the same as those at the skirt input. The cold-side 

flow path can be either a single or a double pass and can be arranged either 

in series with the nozzle tubes or in parallel with them. 

g. Nozzle Tubes 

To improve the chllldown simulation accuracy of the 

nozzle tube subroutine, a more detailed heat-transfer model of the jacket was 

added. Previously the jacket, regardless of thickness, was represented by a 

single material node adjacent to each of the fluid nodes. This has been 

revised to allow subdivision of the material into nodes in the radial as well 

as the axial direction. Thus, a fairly complete, two-dimensional model of the 

jacket can be constructed and a more accurate computation of the heat trans

ferred from the jacket can be made. 

h. Simplified Hot-Bleed-Port Heat Transfer 

The heat added to the turbine flow in the hot-bleed port 

due to the chilling of the lines is very important in predicting the engine 
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system performance during this time period. A routine has been added to the 

simplified hot-bleed port to calculate this heat storage and transfer to the 

fluid. The diluent line and the turbine line are each modeled as a single 

material node, and the standard program subroutine is used to calculate heat 

transfer coefficient. During steady-state operation of the program, the heat-

transfer routine is bypassed. 

1. Transient Hot-Bleed Port 

Previous versions of the complex hot-bleed-port program 

computed steady-state operating conditions. The program has been completely 

rewritten to include all of the transient effects Included in the NETAP program. 

The dlluent/hot-bleed circuit conditions and conveys the 

working fluid to the turbine in the NERVA engine cycle. The primary elements 

in the circuit include a hot-bleed port with mixing chamber; a diluent 

(coolant) line; a single-pass, shell-and-tube heat exchanger; and a turbine 

inlet line with control valve. 

The working fluid is obtained from the engine itself, 

being withdrawn from the primary propellant stream at two locations. Hot 

fluid, at the temperature of the propellant leaving the reactor, is withdrawn 

through the hot-bleed port from the engine chamber. Coolant fluid is removed 

from the engine at a station upstream of the reactor core. The coolant passes 

through the diluent line and the annulus of the heat exchanger, before being 

Injected into the bleed port mixing chamber. After mixing, the combined hot 

and cold stream, which is now at a mean mix temperature much lower than that 

of the chamber temperature, passes through the heat exchanger for additional 

cooling. The fluid then continues on into the turbine inlet line, through 

the turbine valve, and enters the turbine inlet plenum. 
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The program will operate in either the transient or the 

steady-state operating modes, using the finite distance technique for heat 

transfer and pressure drop calculations. 

The program begins by calculating the pressure drop, 

velocity, and Mach number at the bleed-port entrance, corresponding to the 

input values of core outlet conditions and the first-guess value of hot-flow 

rate. These parameters are used to determine the static conditions in the 

hot-bleed-port mixing chamber. 

The fluid conditions in the diluent line and the heat 

exchanger annulus are then computed, iterating on the diluent flow rate to 

produce a static pressure at the outlet of the injection orifices that equals 

the pressure in the mixing chamber. (For the case of sonic injection, the 

diluent flow would be adjusted to the Mach 1 condition at the orifice exit.) 

An energy balance on the hot- and cold-fluid streams is then performed to 

establish the fluid enthalpy at the turbine line entrance. In the transient 

mode, this balance also considers the heat addition to the fluid from the 

metal components. 

The turbine nozzle (effective) is assumed to be 

continuously choked. The stagnation pressure at the exit of the turbine line 

can then be calculated, using the sonic flow relationship with a calculated 

first-guess nozzle-inlet temperature. The fluid conditions down the turbine 

line are computed, working backwards from the turbine end. The enthalpy, at 

the end of the last finite distance (node), representing the turbine line 

inlet, is compared to the value obtained from the energy balance. An itera

tion is performed on the turbine line calculations, varying the turbine inlet 

temperature until these two enthalpy values are the same. As with the diluent 

line calculations, heat transfer between fluid and metal nodes is considered 

in the transient condition. 
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The heat exchanger hot-side conditions are calculated, 

again working down the line in the direction opposite to the fluid flow. In 

this manner, fluid conditions at the end of the last node represent those that 

should exist at the outlet of the hot-bleed-port mixing chamber. 

The final closure test in the program is to determine 

whether the fluid momentum conditions at the three open boundaries of the 

mixing chamber are compatible. These boundaries are the bleed port Itself, 

the diluent injection orifices, and the fluid entrance to the heat exchanger 

section. The compatibility check uses a momentum balance around the mix 

chamber boundaries; this balance, combined with additional calculations for 

temperature, velocity, and Mach number, leads to an independent solution for 

the stagnation pressure at the outlet of the mixing chamber. A comparison of 

the two values of pressure is made. Hot-flow rate is varied until the pres

sures are the same. 

Metal temperatures are upgraded at this point. Stability 

criteria, developed for the transient model engine program, NETAP, are used in 

these calculations, to maintain a proper relativity between the metal and fluid 

temperatures. 

j. Revised TPA Model with Skirt Extension 

The configuration used to model the single-spool turbo

pump has been revised to make it more general. A table of values of flow 

function versus overall pressure ratio is used to find the inlet pressure and 

flow rate in an Iterative balance with the hot-bleed-port subroutine. At the 

exit of the turbine are two nozzles in series, separated by a section of pipe 

whose flow area and loss coefficient must be input. By proper selection of 

the input- values, the turbine can be either choked at the exit or at a point 

somewhat downstream of the exit nozzle. Bearing coolant flow can enter the 

system behind either (or both) of these nozzles. From the second nozzle, the 

flow enters the skirt extension. 
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The skirt extension model is a very simplified simulation 

program. It consists of the equations for a long duct with heat addition and 

a choked nozzle at the exit. The rate of heat transfer in the duct varies with 

chamber conditions or may be set to zero if desired. 

The two-spool turbopump has been added to the program as 

an option. The pump portion of this consists of two pumps in series. Both 

are Identical to the pump model used in the single-spool configuration. The 

two turbines are also in series and are both assumed to be unchoked at their 

exits. The exhaust from the second turbine is assumed to enter the skirt 

extension. 

A closure on the two-spool version is found by varying 

the pressure between the two turbines and each rpm until pump work and turbine 

work agree and the flows through the two turbines are the same. 

k. Variable Back Pressure 

To properly calculate system operation during a startup 

when the main and turbine exit nozzles are unchoked, it is necessary that the 

back pressure on the nozzles be properly specified. In an ejector system for 

lowering the ambient pressure, this pressure can be a complex function of the 

engine operating state. To handle this, the transient program has a table 

with back pressure on the nozzles as the dependent variable. By a proper 

choice of input, the back pressure can be made a function of time, main-nozzle 

chamber pressure, or nozzle flow rate. 

1, Helium and Nitrogen Properties 

A recent change has made it possible to substitute either 

helium or nitrogen fluid properties for the hydrogen properties normally used 

in the program. An overlay arrangement is used whereby either of the gas 
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properties data sets are read into the same storage area and replace the 

hydrogen properties. With proper input, this replacement can be done at any 

time during a run, allowing the working fluid to be changed as desired. 

m. Steady-State Printout 

The transient program also has been extensively used to 

generate steady-state operation points. To make the data calculated by the 

program easier to use, a special steady-state print routine was developed. 

This routine prints a one-page summary of the temperatures, pressures, and 

flow rates throughout the system. Static pressures and temperatures in the 

various engine plenums are calculated, in addition to the stagnation values 

used in the remainder of the program. Also, if the simplified hot-bleed-port 

subroutine was used to generate the steady-state point, a number of inter

mediate temperatures and pressures here are calculated, using some of the 

routines from the complex hot-bleed-port subroutine. 

n. Full-Flow Engine 

Studies are being made to determine the performance of 

a nuclear engine system utilizing a full-flow engine instead of a hot-bleed 

cycle. In the full-flow engine all or most of the hydrogen leaving the shield 

is used to drive the turbine and is then returned to the system at the inlet 

to the core. The proper equations and closure routines have been added to the 

transient program to allow it to simulate this system. Three methods of 

control are considered. First, a valve can be located in series with the 

turbine. Increasing the pressure drop across this valve decreases the work 

output of the turbine. Second, a bypass line around the turbine can be 

opened to allow some of the flow to bypass the turbine, thereby reducing the 

work output. Finally, the turbine flow area can be made variable so that the 

turbine pressure ratio, and hence the work, can be varied without changing the 

flow rate. 
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o. Neutronics and Controls 

Neutronlcs calculations had been included in the tran

sient program some time ago, but in some types of analyses there was difficulty 

due to a calculation instability. The equations were solved by approximating 

the derivatives in the differential equations by differentials and solving the 

equations explicitly, using a calculation interval of 1/250 second. Using this 

method of solution, if the total reactivity changes more than approximately 

0,39 dollars/sec, the solution becomes unstable and power oscillates. 

To alleviate the stability problem, three alternative 

methods of solution have been Investigated: two explicit schemes and one 

implicit scheme. The explicit solutions consisted of two standard methods of 

solving the differential equations directly for power: (1) trial function 

solution, and (2) using LaPlace transforms, and recalculating the boundary 

conditions over a small time interval. The two explicit schemes attempted 

appeared to require an unreasonably small time grid to remain stable; for this 

reason the explicit schemes were abandoned. 

The implicit scheme, however, has shown intrinsic 

stability in the same regions that the difference equations were unstable and 

good results were obtained with a calculation interval of 0.5 sec. This 

routine was, therefore. Included in the program. 

To use the neutronics, the drum position versus time 

table can be substituted for power versus time to obtain a chamber temperature. 

Drum position as well as power can be output when chamber temperature is 

demanded. 

Closed-loop controllers have been added for both pressure 

and temperature. In both cases, the dynamics incorporated are first order 

approximations of the Common Analog Model controller. Use of the temperature 
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controller requires neutronlc calculations, since the physical control on power 

is drum position. 

The logic for an X-engine autostart is available from the 

initial drum rollout (time " 0) to the point of temperature loop closure. 

The program monitors two system temperatures: (1) 

reflector inlet temperature (T .̂ ) and (2) measured (or calculated) chamber 

temperature (T^,). At time zero, the chllldown is initiated, and the drums 
CM . 

—at 
are programmed out according to the function 6 - A(l - e ). This ramp is 

continued until either the temperature loop is closed or T < 250''R. If the 
KX 

temperature loop closes, the drum profile is terminated. If T reaches 

250*'R, the drum rollout is modified by adding K(t - T) to the original func

tion so that the drum rollout function is: 

0p - A(l - e"*'') + K(t - T) 

where A, a, and K are input constants and i = the time when T = 250''R. This 
RX 

drum rollout function is maintained until the temperature loop closes. 

The temperature demand is maintained at 200''R above the 

calculated chamber temperature until the chamber temperature begins to Increase. 

At the point where the chamber temperature starts to increase 

/ dT \ 

I dt 

the demand is held constant. The drum profile is continued until the chamber 

temperature is lOO^R greater than the demand. At this point, the chamber 

temperature loop is closed (i.e., the chamber temperature loop closes at a 

chamber temperature 300*'R above the minimum temperature encountered and 100°R 

above the demand). At this point, the program will halt and print the message 

TEMP LOOP CLOSED. 
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4. Program Results 

To check the accuracy of the program model, a number of cases 

has been run and compared with test data. One of the best checks on the 

program is to examine its ability to simulate a chllldown and a bootstrap run. 

The chllldown performance has been checked and continuing effort is being made 

to improve the bootstrap operation. 

The following chllldown runs were used as a basis for checking 

the program, 

a. XECF, Run No. 1, EP-II - 35-psla tank, dry pump, 

b. XECF, Run No. 2, EP-II - 35-psla tank, wet pump, 

c. CFDTS, Run No. 1 - 70-psla tank, dry pump, 

• d. CFDTS, Run No. 1 - 70-psla tank, wet pump. 

XECF, EP-II, Run No. 1, was used as the basic program checkout 

vehicle. The two 70-psia CFDTS runs were chosen as checkout runs for their 

apparent differences with the base run. 

The results of XECF, Run No. 1, are shown in Figures 1 and 2. 

(This run was a 35-psla tank, dry-pump test.) The program-calculated values 

of pump inlet, nozzle manifold inlet, and nozzle-tube outlet temperatures are 

all within the test data spread. The calculated chamber temperature is higher 

than the data for much of the run. This is attributed to a data abnormality. 

It has been theorized that the chamber temperature probes read low due to 

conduction in the probe itself from the cold fluid in the nozzle tubes. The 

program-calculated pump flow rate is within the test data spread until the 

point of turbopump bootstrap. 

The results of XECF, Run No. 2 (35-psla tank, wet pump) are 

shown on Figures 3 and 4. The results are similar to those obtained in the 
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XECF RUN 1, EP-II, WAS A 35 PSIA TANK, DRY PUMP TEST 
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XECF, EP-II, RUN 2, WAS A 35 PSIA TANK, WET PUMP TEST 
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first run. All temperatures are within the test data spread, with the excep

tion of the nozzle-tube outlet and nozzle chamber. The nozzle chamber 

temperature probes are assumed to be in error as explained in Run No. 1. The 

nozzle-tube outlet temperature drops below the test data as two-phase enters 

the nozzle tubes. This is attributed to the difference in the two-phase heat 

transfer relationships and its variability with fluid quality. The pump flow 

again shadows the test data until the bootstrap. 

The results of CFDTS Runs 1 and 2 are shown in Figures 5 

through 8. A good comparison of pump inlet and nozzle-tube inlet temperature 

could not be obtained since the test measurements were only ranged to 80'*R. 

The nozzle manifold inlet temperatures and flow rate matched data well. The 

nozzle chamber temperature was higher than the test data as in the previous 

cases. 

During the bootstrap portions of the two XECF runs presented 

in Figures 1 through 4, the calculated flow rates showed reasonable agreement 

with the test data for nozzle flow, and the engine plenum temperatures calcu

lated by the program were in excellent agreement with the test data. However, 

the turbopump input will be thoroughly checked before additional runs are made 

to completely check out the ability of the program to simulate an engine 

bootstrap. 

The included results are an indication of the program's 

improved ability to adequately predict engine chllldown, which will Increase 

the ability to predict engine bootstrap and startup. 

B. PRELIMINARY DESIGN NUCLEAR ENGINE STEADY-STATE BALANCE PROGRAM 

A simplified steady-state computer program has been prepared for 

preliminary evaluation of proposed NERVA engine systems. The program was 

developed to obtain a preliminary steady-state profile of the engine system 

based on preliminary design criteria. 
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The program is intended for use on systems where the hardware has 

not yet been designed, and only the expected performance of the various parts 

of the system is available. It uses values of pressure drops or loss coeffi

cients, pressures, temperatures, efficiencies, etc., to obtain a system 

profile to match a given thrust or nozzle throat area. The effect of these 

variables can then be explored without having to develop a hardware design for 

input into the detailed FORTRAN IV transient engine system program (NETAP). 

The program calculates values to balance an engine system for 

total thrust or main nozzle throat area. The current option requires a basic 

input of thrust or throat area, chamber pressure, chamber temperature, and 

main nozzle expansion ratio. Main nozzle throat area or thrust is changed as 

required to obtain a calculated thrust/throat area within a given tolerance. 

An area reduction factor of 0.983 and a thrust derating factor of 0.963 are 

used to obtain actual values from ideal values. An Internal table of chemical 

composition I values is used to obtain main nozzle ideal I values. Ideal 
sp sp 

gas calculations are used to obtain turbine nozzle thrust. 

Turbine and pump data come from tables of w VvP values versus 

pressure ratio, and the efficiencies estimated by the designers. 

The program closes on main turbine-main pump shaft work by varying 

a TPCV loss coefficient. This coefficient is varied to obtain closure. From 
2 

the final K/A printed in the output, an equivalent TPCV position can be 

estimated. Closure is obtained by a slope factor that is adjusted in the 

program. 

Reactor temperatures are calculated from enthalpy changes that, 

in turn, are calculated from fractional heat generation values. The values 

are normalized before calculations are made so that the sum Is 1.0. 

Consequently, relative values may be input. 
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The program has been modified and a new version prepared to use 

with the full-flow engine cycle configuration. Calculations are made on the 

system as discussed above. 

Turbine control can be obtained by varying any of the following 

three factors: a valve in series with the turbine; a bypass valve around the 

turbine; or the turbine inlet area. 

After the chamber conditions have been determined from the input, 

the turbine exit temperature is assumed and total engine power is calculated. 

With the calculated flow rate a balance is made between the pump and turbine 

work by closing on the turbine inlet conditions. 

C. NUCLEAR AFTERHEAT-REMOVAL PROGRAM 

During a space mission with a NERVA nuclear rocket engine, large 

amounts of thrust could be generated during the cooldown period for the 

reactor. This program was developed to compute the thrust and the I of the 

engine during a typical mission that would consist of several firings and 

subsequent cooldown periods. 

The program consists of three parts, each representing one portion 

of a typical firing sequence. These are: 

Type 1 - Reactor Run 

Type 2 - Cooldown 

Type 3 - Pulse Cooling. 

After each Type 1 run a calculation is made to determine the decay power 

profile. 

A detailed description of each of the three types of runs follows: 
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1. Type 1 - Reactor Run 

The reactor runs are described by input tables of temperature 

and pressure versus time. Using these tables, thrust, power, impulse, and 

other performance parameters are calculated at each input time point and are 

also summed from the initiation of the run. The power profile (fission rate 

versus time) is calculated up to a given shutdown time and the results are 

used to compute the energy release rate associated with the decay of U__c 

fission fragments and delayed neutrons. A table of Integrated energy at 

specified time points is prepared for use in Type 2 and Type 3 runs. 

In the case of reactor restarts, the energy table values are 

increased by the amount of energy still remaining from previous runs. It is 

assumed that the restart time corresponds to the ending time of a Type 3 run. 

The input temperature and pressure tables are adjusted for Type 3 carry-over. 

2. Type 2 - Cooldown Transient 

The shutdown transient is described by an input table of 

temperature versus time. This table may be carried over from Type 1 input or 

may be input separately. It is assumed that the beginning temperature and 

time correspond to the shutdown time and temperature for a Type 1 run so that 

performance is continuous with respect to time. 

Pressure is computed at each input time point, using a choked 

flow equation iteration. The energy released during each time interval is 

obtained from the integrated energy table created in the previous Type 1 run. 

Subsequent performance may then be calculated. 

Also included in Type 2 input are maximum and minimum 

temperature values that define the limits of a control band. When the 

temperature table value reaches the band minimum the table is no longer used. 
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Temperature is held at the minimum while performance is calculated over time 

intervals determined by an input time increment. When the calculated flow 

rate reaches a specified minimum, Type 2 ends. The time and performance at 

termination is saved for carry-over to Type 3. 

3. Type 3 - Coolant Pulse Periods 

This section is subdivided into warmup and cooldown pulses 

relating to the maintenance of temperature within a control band. 

Input to Type 3 includes a control band, a coolant flow rate, 

and a beginning time. These values may be carried over from Type 2. 

Type 3 begins with a warmup pulse. That is, flow is zero and 

temperature is equal to the band minimum at the beginning time. Since the 

amount of heat required to raise the temperature to band maximum is constant, 

the time at the end of a warmup may be interpolated from the integrated heat 

energy versus time table carried over from Type 1. At this time temperature 

is at band maximum, flow is turned on to the input rate, and heat is removed 

at a constant rate. 

The time at the end of a cooldown pulse is found by iterating 

on the integrated energy versus time table. At the end of the cooldown pulse, 

temperature is back to band minimum, coolant flow is turned off, and a new 

warmup pulse begins. 

This procedure continues until a specified ending time is 

reached. Pressure and temperature at the ending time are saved for carry-over 

to a Type 1 restart. 
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D. NARROW-BAND DATA ANALYSIS PROGRAM 

During the past year the narrow-band data analysis program was 

made operational. This production program was successfully used to reduce 

test data and generate plots for the He-1, XECF and FEP-V tests. The present 

production program is operational for XE-1 tests. 

The current version of the program consists of four job steps: 

1. The data conversion program (Job E57101) 

2. The plot program (Job E57103) 

3. The plot disk generation program(Job E57107) 

A. The circular plot program (Job E57108) 

The following paragraphs describe the current capabilities of 

the program. 

1. Data Conversion Program 

Job E57101, NRO NERVA Test Operations (NTO) Data Conversion 

Program, is one of several programs included in the NRO Test Data Analysis 

Program Package. Its essential requirement is to generate the following 

test data sets: summarized steady-state data sets; instantaneous test data 

sets, and test plot data sets. These data sets are used by other test data 

analysis programs. 

To accomplish those requirements, the program has the 

following capabilities: 

a. To convert the NTO CDC floating point data to IBM 360/65 

OS floating-point data. 
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b. To calculate various steam-generator duct and engine-

flow rates. 

c. To calculate averaged data from selective data channels. 

d. To calculate new test data parameters by selecting 

specific data channels and entering selective input constants. 

e. To smooth the test data of certain test channels on 

request over a selective time period. 

f. To calculate the standard deviation and steady-state 

test data over a selective time period. 

g. To generate from one to four test plot data sets on 

disks when requested by input cards. 

h. To generate an NRO test data tape that contains 

instantaneous test data records from all the NTO test data channels and 

calculated data parameters requested by input cards. 

i. To print out various NTO title pages and summarized 

data anomalies. 

j. To select certain test events data and provide a 

printout of the test channel name, test event description, and the CRT 

time of the events. 

Program E57101 has been divided into three sections: input 

section, computing section, and output section. 
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In the input section, the program input control cards are 

read in order starting with the test-series card and ending with the stop 

card. After each set of control cards is read, the program checks to see 

if the NTO test channel names entered via input cards can be located among 

the various required data channel name tables. When the data channel names 

are matched, their data location on the test data record is saved and used 

in the computing section. In the case of engine flow calculations, if 

pertinent data channel names are missing, alternate methods of calculating 

flows are attempted. All required data channel names that are missing are 

printed out to determine the data channel names that have been changed or 

are actually missing. 

At this point all the calculated input control cards have 

been read; key data records such as the pointer record, the directory record, 

and the data location record are then written on the summarized steady-state 

data sets and the NRO test data tape. 

In the computing section, if the plot option is flagged, the 

plot input data tape is read and the plot data channel names are selected 

and written on the plot data sets. From one to four plot data sets can be 

generated upon request, one for each plot period input card entered. At 

this point if any input card is left in the input stream, excepting test 

events input cards, the program will stop and an error message will be 

printed. 

Next, the reading of the NTO CDC test data tapes begins. 

For each System 1 test data record that is read, a System 2 test data record 

is read when required. Only the requested NTO test channels data are 

converted to IBM 360/65 floating points data. The CRT time on the record 

from each tape is checked. If the times are equivalent, the synchronized 

CRT time is checked against the requested time interval for data processing. 

If it lies within the requested time interval, the test event option is 
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checked. If the event option has been flagged, the test event subroutine is 

entered and each test event bit is checked. If a difference from the previous 

data record is noted, the CRT occurrence time is stored for that test event. 

If the smoothing option has been flagged, the routine will 

smooth the test data for those data channels requested. These data are 

smoothed within the time interval entered on the SMTH input card. The first 

and last three points within each smoothing time interval are carried as 

unsmoothed data. 

During the next step, multiple test channels data are 

averaged on request via input cards. Test data within 3-sigma of the raw 

mean are used in the final average. 

Prior to computing flows, hydrogen properties such as 

enthalpy and density are determined at specific pressures and temperatures 

associated with the flow calculation parameters. After the hydrogen properties 

are calculated, various flow rates pertaining to the duct, steam generator, 

and engine, as well as engine power, are calculated. Net positive suction 

pressure and other calculations are controlled via input cards. 

The input time is then checked against the data tape time to 

see if the steady-state summary period section should be entered. If the 

time check is satisfied, the test data are summarized. Once the CRT tape 

time exceeds the summary time period, the steady-state averaged data and the 

standard deviation are calculated and written on both the steady-state disk 

data set and the NRO test data tape. Data initialization for the next 

summary period is accomplished. 

Next, the instantaneous test data record is written on the 

NRO test data tape and the plotting subroutine is entered. If the CRT time 

is within the input plot time period, the plot data for the plot data channels 

are written on one of the four-plot disk data sets. 
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Additional test data records are read and processed until 

either the requested data processing time is exceeded or all the NTO test 

data records have been read. 

The end data flag is set per input requirements and the last 

test data record, in working storage, is processed. All the plot data 

sets and the NRO test data tapes are closed with an end-of-file note on the 

data sets. 

The output section includes printouts of the NRO title 

pages and the summary of test data anomalies. 

If the test event option has been flagged, the test event 

printout will follow. It includes the test event channel name, description, 

and the various test events' occurrence time. 

The NRO test data conversion program is then completed and 

the next program in the NRO data analysis job step is started. 

2. Plot Program 

Job E57103 was designed to produce multiple plots of X-engine 

test data in conjunction with a cathode-ray-tube plotter. The program 

produces a tape that is used to generate plots on the plotter. The plot-tape 

format is compatible with either the Stromberg-Carlson SC4020 plotter or 

the Benson Lerner BL-120 plotter. 

a. Plot Description 

Plots can be produced for any individual data channel, 

for any parameter computed by the program, or for any combination of channels 

and computed parameters. The basic plot is produced on a 100 x 100 grid 
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with major grid divisions every 10 grid lines. The variable plotted on the 

horizontal axis is either time for a specified time Interval or a (data or 

computed) channel over a specified time Interval. The vertical axis provides 

for three separate, independent scales that can be different ranges for the 

same channel or different ranges for different channels. A curve is generated 

for each channel with the curve number (relating the curve and the channel) 

printed periodically above the curve. Sample plots are shown In Figure 9. 

The channels plotted on each scale can be arranged in 

groups with a two-line title for each group. The advantage of this group 

arrangement is that channels measuring the same quantity can be grouped under 

a single title. 

A total of 10 groups is permitted on each scale. However, 

no more than 32 channel curves can be plotted on a single plot grid. In 

addition, the number of lines for group titles and channel names is limited 

to 53 lines. Five lines are required for each group title with spacing 

between groups, and one line is required for each channel name. 

Each plot has a plot code number to relate it to a 

subject of analysis. This code number appears in the subject title of the 

plot displayed on the plot section with vertical scales; it also appears in 

the lower right corner of the plot below the plot grid. 

Two indexes are generated with the plots using code 

numbers to relate subjects of analysis, channels plotted, and the corres

ponding plots. The first is a subject index listing the subject title of 

each plot with the plot code number. Thus a plot analyzing a given subject 

can be located by the plot code number displayed in the index and on the 

plot. The second index is a channel index giving each channel plotted with 

the list of plot code numbers for the plots on which that channel is plotted. 

Using the channel index, plots showing a given channel can be located. 
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A maximum of four time intervals can be plotted for 

any run in a given pass. For each time interval, a maximum of 500 plots can 

be obtained with a maximum of 32 curves per plot. The plots for each time 

interval can be completely different. 

The multiple plot program is separated into three 

parts. In Part I, a disk data set is generated for the plot data for each 

specified time interval with a record of channel data values for each time 

value to be plotted. In Part II, a second disk data set is created for each 

individual time interval by reordering the data so that each record contains 

the data values at ascending times for a single channel. In Part III, a 

cathode-ray-tube plot tape is generated for the specified time Intervals by 

using the disk data sets for each time interval as created in Part II. 

Initially, an X-engine test data tape is processed by 

Program E57101. In Program E57101 the Part I disk data sets are generated 

by subroutine WNAME. Subroutine WNAME is entered before the test data tape 

is processed to read the input specifying the time intervals and their related 

multiplots, and to determine the time values and corresponding channel data 

to be stored on the disk data sets. Based on the assumption that time values 

are available at 0.1-second increments, the plot time values for each time 

interval are selected to obtain 500 time points (if available) per curve with 

as equal a distribution as possible. Channels that are not available on the 

test data tape or calculated in Program E57101 are deleted from the multiplot 

channel lists at this time. Entry to WDISK (multiple entry point of WNAME) 

is then made with a maximum of 1100 (data and computed) channels for each 

time as processed from the test data tape. For any time interval using that 

time as a plot time, a record of the corresponding channel data at that time 

is written on the appropriate time interval disk data set. Only channel 

data for those channels used for the plots of the time interval are recorded. 

If a plot time value is not on the test tape, the next test tape time greater 

than the plot time is used. After the complete test tape has been processed, 
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WMAX (multiple entry of WNAME) is called to enter a dummy record with a 

negative time value on any time interval disk data set for which the final 

test tape time is less than the maximum plot time. 

If different channels or time intervals are needed after 

the initial processing of the test data tape by E57101, additional Part I 

disk data sets can be formed using a supplementary main program written to 

read a tape containing the processed test data at each time as generated by 

E57101. The supplementary main program will also read a tape generated by 

E57104 and written in the same format as the E57101 processed data tape. The 

supplementary main program calls WNAME in the same method as It was called 

by E57101, and thus new plot disk data sets can be formed. The supplementary 

program is filed under program E57107. 

In Part I, the disk data set for each time interval is 

created with a record of channel data values for each time to be plotted. 

In Part II, 62 time records are read initially from a Part I data set 

for a time interval, and then for each individual channel a record containing 

the data values of the channel at the 62 ascending plot times is written on 

a temporary disk data set. Up to eight temporary data sets can be generated 

with records for a maximum of 138 channels on each. Successive records of 

62 time-data values for the same set of channels are written on each temporary 

data set until the Part I disk data set for the time interval has been 

completely read. For each temporary data set the data is then read and 

written on a final single Part II disk data set for the time interval with a 

record for each channel. Each channel record contains data values for that 

channel at all times to be plotted for that time interval. For each specified 

time interval, the Part I data set is processed in the above method. Thus, 

an individual Part II disk data set is created for each specified time 

interval. 
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In Part III, a single plot tape is created for all 

specified time intervals. For each time interval, plots are generated with 

two frames per plot. The first frame contains the vertical scales and labels 

for the groups and channels. The second frame contains a grid and a curve 

for each channel on each scale. In generating each curve the channel record 

is found on the final Part II disk set for the time interval being plotted, 

and data from the record is scaled and included on the plot tape. All the 

plots for one time interval are written on the plot tape before the next time 

interval is processed. 

Program E57103 combines Parts II and III as consecutive 

job steps to generate a plot tape for specified time intervals from the 

Part I disk data sets in a single program. 

3. Plot Disk Generation Program 

Program E57107 was written to generate a plot data disk for 

each specified time interval from the processed X-engine data tape previously 

written by program E57101 or E57104. The processed data tape contains a 

record of processed data for each time value. The plot data disk is written 

in the required format of the Part I data disk with selected channel data 

at each plot time. The plot data disk can then be used as disk input for 

the X-engine plot program E57103 to produce a plot tape for the Stromberg-

Carlson SC4020 or Benson-Lerner BL-120 plotter. 

a. Program Description 

The multiple plot program for X-engine test data is 

separated into three parts. A detailed description of each part and the 

relationship between the parts is given in the report for program E57103. 
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Program E57107 was written to perform Part I of the 

multiple plot program by generating Part I disk data sets for specified time 

intervals. The main program reads a tape generated by program E57101 or 

E57104 that contains the processed data at each time. As described in the 

report for program E57103, the main program initially enters subroutine WNAME 

prior to reading the processed data tape. It reads the plot input specifying 

the time intervals and their related multiplots, and determines the time 

values and corresponding channel data to be stored on the disk data sets. 

Based on the assumption that the time values are available at 0.1 second 

increments, the plot times are selected to obtain 500 time points (if available) 

per curve with as equal a distribution as possible. Channels that are not 

available on the processed data tape are deleted from the multiplots at this 

time. Entry to WDISK (multiple entry point of WNAME) is then made for each 

time as read from the processed data tape. For any time Interval using that 

time as a plot time, a record of the corresponding channel data at that time 

is written on the appropriate time interval disk data set. Only channel 

data for those channels used for the plots of the time interval are recorded. 

If a plot time is not on the data tape, the next processed data time greater 

than the plot time is used. After the complete data tape has been read, 

WMAX (multiple entry of WNAME) is called to enter a dummy record with a 

negative time value on any time interval disk data set for which the final 

data tape time is less than the maximum plot time. 

b. Restrictions 

In program E57107 the following errors are indicated by 

error messages and result in the noted corrective action: 

(1) If a channel to be plotted on a multiplot is not 

included on the test data tape, the channel is deleted from the multiplot. 

If all channels are deleted from a multiplot group, a multiplot scale, or the 

total multiplot, the respective group, scale, or multiplot is deleted. 
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(2) If a selected plot time is not included on the 

test data tape, the next available test time is used instead of the selected 

plot time. Even though the selected plot time is not available, the plot 

curves are continuous through this point. 

(3) If the maximum time of a time interval is greater 

than the maximum time on the test tape, the maximum test time is the maximum 

time plotted. 

4. Circular Plot Program 

Program E57108 was written to generate CRT plots of the 

steady-state temperature values of selected X-engine channels. Each plot 

displays the channel values in tabular form and on a circular station grid at 

the channel location. 

a. Purpose 

The program is coded to read channel temperature values 

from a steady-state data disk generated by program E57101. Each pair of 

disk records contains the data for a specified time interval. The first 

record contains steady-state data for each channel averaged over the time 

interval. The second record contains the standard deviation of each channel 

over the time. The average steady-state data is used as the actual channel 

temperature values for the plots. 

For each channel for a plot of a given time interval, 

the following is determined: 
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(1) The actual steady-state temperature from the data 
disk; 

(2) The polar coordinates of the channel from an input 
table of channel locations; and 

(3) The input predicted temperature (optional). 

Frame 1 of each plot contains title information 

identifying the engine test number, the station of the channels, and the time 

interval, a table of channels with polar coordinates, actual values, and 

predicted values (optional). Also, the average and standard deviation for 

the station channels are included. 

Frame 2 of each plot consists of a circular grid 

representing the station with angular grid lines every 10° and circular 

grid lines at radial increments representing 5 inches with a maximum of 

25 inches represented. Each selected channel location is identified with 

a + at that location on the grid. The actual steady-state temperature value 

is printed above the + at the channel location. 

b. Restrictions 

Each plot is restricted to a maximum of 31 channels. 

A channel will be deleted from a plot if that channel is not included on the 

steady-state data disk, or if that channel is not included in the input 

channel location table. A maximum of 1100 channels can be stored on the 

disk, and a maximum of 1100 channels can be input in the location table. 

E. WIDE-BAND DATA ANALYSIS 

The wide-band data processing system consists of a large number of 

computer programs. Their functions can be roughly divided into three major 

areas: data processing including conversion to engineering units, plotting, 

data listing, etc.; determination of transfer functions from the test data; 

and the spectral analysis of the test data. 
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The processing program is very flexible. Any isolated time 

period can be specified for any set of channels and for any type of analysis. 

In addition to the routine types of analyses, special requests can be made 

to obtain any information that maybe useful for interpreting the data. That 

is, input or output analog and engineering unit data can be requested and 

recorded at any digital sampling speed for any time interval. 

Two separate programs are used for Aerojet transfer-function 

analyses. The random transfer-function program, Job 2907, accepts random 

inputs, such as random noise, pseudo-random functions, or other appropriate 

functions; the deterministic transfer-function program. Job 2909, accepts 

deterministic functions such as step, sine, impulse, or arbitrary functions. 

The primary difference between the two programs is that for finite time 

increments random noise or pseudo-random inputs (Job 2907) require a larger 

number of points and also spectral smoothing methods to assure valid results. 

The programs were designed specifically for the XE tests and the NERVA 

program, and several options were built into the program to enable the 

analyses to be sufficiently flexible and useful for design and analysis 

engineers. 

The hybrid spectral-analysis system is a completely integrated 

system that permits the mean power-spectral density (PSD) and a mean spectral 

listing to be obtained directly from NTO FM tapes. The hybrid spectral 

analysis has three main portions: input, spectrum analysis, and output. The 

input portion accepts the FM tape, reproduces it to an analog signal, and 

amplifies the signal for acceptance into the spectral analysis portion. The 

input portion also provides for visual monitoring. 

The spectrum analysis portion is the major portion of the hybrid 

spectral analysis system that processes the data for its desired end use. 
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The output system includes an X-Y plotter that presents an on-line 

time history for continuous or memory-stored transient data and presents 

PSD plots and spectral listings. The PSD and spectral listings are obtained 

by sending the signal to the analog-to-digital converter, to the digital tape 

recorder, and to the IBM 360-40 computer. 

Figure 10 shows a data flow diagram indicating the various paths 

that data can take while being processed and indicates the ways in which the 

discrete computer programs and special hardware are put together to form the 

wide-band data processing system. 

Demonstration of the NRO wide-band data processing and analysis 

system was performed during the FEP-V test. In these tests the NRO wide

band data capability was completely and satisfactorily demonstrated as 

operational in every respect. A wide-band-calibration diagnostic was set 

up for the first time with results called into NTO within 24 hours for 

corrective action. The capability of delivering 80 transfer functions within 

a 48-hour period was demonstrated as was the power spectral density capability. 

The oscillographic playback capability was demonstrated. During the demon

stration program two new capabilities were proven. Engineering unit plots 

and X-Y plots at 1000 samples per second were completed and delivered to NTO 

in the 48-hour period. Transfer function backups using N-3 digital tapes were 

proven for the first time and are now considered operational. 

The demonstration program also included reproduction, assembly, 

and delivery of three bound books for each EP to accompany the narrow band 

plots to SNPO-C, SNPO-W, and NTO. 

Numerous improvements have been made to parts of the system 

during the previous year. The following sections describe these improvements, 

the present status of the modified programs, and the various new programs 

added to the system. 
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1. 2907 and 2909 - Transfer Function Analysis Programs 

Both of these programs have been improved during the preceding 

year by the addition of the following: 

(a) Digital filtering 

(b) Provision for engineering units data set input 

(allowing card load input as well) 

(c) New Astrodata input, allowing more flexibility in 

digitizing 

(d) Inverse filter characteristic providing correction of 

both external electrical filter and program digital filter roll-off 

characteristics 

(e) Optional nonlinear conversion curve input in standard 

polynomial form plus standard program curves for 23 different temperature 

probes. 

2. 2905 - Mechanical-Impedance Program 

The mechanical-impedance computer program has been 

programmed, checked out, and is now a production program. Mechanical 

impedance is a technique that permits dynamic properties of structures to be 

determined without having to vibrate entire units. If a forcing stimulus 

is applied to a mechanical structure, a resulting motion at the same frequency 

exists at the point where the force is applied as at other points on the 

structure. Thus, it is possible to determine energy transfer through the 

mounting points of a structure. The mechanical impedance of the structure 

is defined as the ratio of the applied force to the resulting motion or velocity 

at the same frequency, or 
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Force F 
Mechanical impedance = ;r~; rr~ = 77 ^ Velocity V 

Mechanical impedance is directly analogous to transfer 

function measurements in that input (force) and output (motion or velocity) 

can be related by means of a transfer function (gain and phase) as a function 

of frequency. Since complete transfer function capability has been established 

at the Aerojet test area, the mechanical impedance analysis capability was 

simply an extension of the present transfer function programs. 

The mechanical impedance program was checked out using the 

first test of the XECF vibration test program. The first test consisted of 

a constant 5-lb force with the frequency swept through a range from 5 to 

1250 cps. The response from two accelerometers was used for the evaluation. 

The XECF vibration analysis results demonstrate the validity of the mechanical 

impedance program. 

However, to consider wide frequency sweeps (0 to 1500 cps) 

with the fine resolution required from XECF data, the processing costs to 

perform the analysis would be very high. Since there are too many discrete 

points to process, a modification of the program was made. 

To enable effective analysis of sweep data in reasonable 

time periods with the desired accuracy, a preprocessing subroutine was 

established and assigned the title Job 2916. Essentially, the preprocessing 

subroutine sums up successive segments of data, each containing 4096 points, 

so that the total sum of these segments resembles a band-width limited 

white noise signal. This frequency interval can then be subjected to the 

normal spectrum analysis. At least four points for each cycle are obtained 

during the sweep. To meet this requirement it is necessary to divide the 

frequency into segments or passes and evaluate each pass separately. To 

evaluate a single 5 to 1500 cps XECF sweep, five passes were required. Any 

size frequency interval can be evaluated, considering that too fine a 
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frequency bandwidth results in larger scatter, while larger bandwidth results 

in less scatter but poorer resolution. For the checkout of this system, 

arbitrary bandwidths from 2.44 cps to 19.53 cps were used as frequency 

increased from 5 to 1500 cps. 

To verify the modified mechanical impedance program, the 

turbine inlet line 168''30' test series was used. The test evaluated was 

Series 3, Test 1, Run 2, which included a sweep from 5 to 1500 cps. This 

test was chosen to check out the data because it had a number of high Q peaks 

and several severe fluctuations. To use the revised program, five passes 

were determined to be necessary to analyze this run. To gain an appreciation 

of the options and flexibility inherent in the analytical program, a detailed 

description of each column is described. The sweep data are summed up by the 

preprocessor (Job 2916). As noted above, each frequency segment, consisting 

of 4096 points, is summed up to provide a frequency range that is acceptable 

for transfer-function analysis to yield gains and phase for the F/A ratio. 

To check out the preprocessor. Job 2916, several segments of data were checked 

directly from the preprocessed data and without preprocessed data. Both 

methods showed the same frequency spectrum. The data for each of the five 

passes were input to the random input transfer-function program. Job 2907. 

The conclusion from the data evaluation of the mechanical-impedance program 

is that the program is successful for evaluating data as specified. Since 

no true mechanical-impedance values are known, no further verification is 

possible. It appears that the program is an excellent one, especially when 

applied properly to valid test data. 

3. 2906 - Pole-Zero Program 

A finite pole-zero program has been completed and is now 

available for use in the XE test program. By means of the finite pole-zero 

program a best-fit line through the gain and phase points is obtained to 

arrive at a mathematical description of the transfer function. Transfer 
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functions in terms of gain and phase versus frequency are computed and 

plotted by means of the deterministic and random input transfer function 

programs, Jobs 2907 and 2909. 

The program characteristics are: 

a. A fourteenth-degree equation can be estimated in either 

the numerator or denominator. 

b. The maximum number of phase and gain values is 400. 

c. Ten successive cases of data can be loaded for one run. 

The cases can include different degrees for estimation. The number of 

successive cases can be substantially increased if required. 

d. Frequency can be defined in radians per second or in 

Hertz. 

e. A file is automatically created containing the phase-

gain data and its complex-plane (real and imaginary parts) equivalents. 

f. An optional form of output is available that permits 

comparison of the actual and computed values of gain and phase. 

g. The pole-zero estimation program is available on the 

cathode ray tube (CRT) plotting and printing programs. 

h. Options are available to specify start and stop limits 

so that undesired frequencies can be edited from the data. 

i. The programming and formats are made compatible so 

that all supporting programs prepared by the AGC test area can be used if 

needed in the pole-zero estimation program. 
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A detailed data flow diagram is shown in Figure 11. 

4. 2920 - Engineering Units Data Set Re-formatter 

Program 2920 reformats CDC-3200 generated Jackass Flats 

data tapes (referred to as narrow-band tapes) to the standard engineering 

units data set format capable of being input to general data programs. 

Digital filtering capabilities are optional. Complete time selection and 

sample rate options are available. 

5. 2921 - Engineering Units Data Set Merge Program 

Job 2921 forms a new engineering units data set from two 

E.U. data sets having identical record times and channel-to-channel time 

increments. 

6. 2922 - Selective Print/Punch from Engineering Units Data Set 

Program 2922 prints or punches data from any E.U. data set. 

A flexible output format is included, and all data records will be used 

within the specified time period. 

7. 3001 - General Data Summary Program 

Job 3001 calculates average, minimum, maximum, standard 

deviation, number of points used, and number of invalid points found for 

as many as 389 data channels up to 100 time periods. Channel-to-channel 

percent differences are also optionally calculated. Printed or punched card 

output is available. 
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8- 0176 - Generalized Plot Program 

This is a general plot program that generates tapes that 

can be plotted on either the Benson-Lerner BL-120 or the Stromberg-Carlson 

4020 cathode-ray-tube plotters. The program is capable of plotting data from 

up to three engineering unit data sets. 

9. 2915 - Wide-Band Data Summary Analysis and Calibration 

To verify the validity of wide-band data channels and to 

obtain a quantitative description of any anomalies that may be observed, a 

wide-band data summary analysis was programmed at AGC and was applied for 

the first time on NEP-He-1 and He-2 data. The results verified the feasibility 

and applicability of the method. 

The present program has the capability of tabulating eight 

channels for each pass. At the present time, the transducers that require a 

charge amplifier use a two-level step calibration that it is not directly 

adaptable to the above program. Methods for using these channels are being 

studied. 

10. 2908 - Population Spectral Density Plot 

A three-dimensional plot is prepared that plots amplitude 

versus frequency versus amplitude distribution in cps. For each finite 

selectable frequency, a distribution of the amplitudes is presented in form 

of a bar diagram. Thus, a form of probability distribution function of 

amplitude is available for each frequency value. 

11. 0155 - Shock Spectrum Analysis Program 

This program produces extreme response information in both 

the time and frequency domain for a given input time series of points. 
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